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Abstract 
 
Over the last few years many different versions of wireless sensor devices have been 
designed and built by various companies and institutions. The wireless sensor devices 
include sensors, microprocessor, bi-directional wireless communication technology 
and a power supply. This type of tiny wireless micro electro mechanical device has 
been nicknamed as “Smartdust”. The Smartdust devices have been successfully tested 
in many sensor network applications but potential use of the devices in transport 
domain is not clearly known.  
 
The Embedded Middleware in Mobility Applications project (EMMA) is funded 
under the Information Society Technologies (IST) Priority of the 6th Framework 
Programme of the European Commission. The application domain of transport will be 
taken as a pilot example where EMMA will foster cost-efficient ambient intelligence 
systems with optimal performance, high confidence and faster deployment. Even 
though number of Smartdust platforms are available in the market, Crossbow MICA 
family motes will be used for EMMA applications due to its commercial success in 
many wireless sensor network applications. Also, MICAz mote will be the best 
suitable platform for the EMMA project since it features sensing and networking 
capabilities with low power consumption and using ZigBee as communication 
protocol. The presentation will be focused on our experience of using Smartdust and 
Zigbee protocol for the EMMA infrastructure and vehicle sensor networks. Mainly, 
how communication between vehicle and the infrastructure can be faced and how 
heterogeneity issues will be handled using Zigbee as the most suitable 
communication technology. 
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Abstract 
 
Over the last few years many different versions of wireless sensor devices have been designed and built by 
various companies and institutions. The wireless sensor devices include sensors, microprocessor, bi-directional 
wireless communication technology and a power supply. This type of tiny wireless micro electro mechanical 
device has been nicknamed as “Smartdust”. The Smartdust devices have been successfully tested in many sensor 
network applications but potential use of the devices in transport domain is not clearly known.  
 
The Embedded Middleware in Mobility Applications project (EMMA) is funded under the Information Society 
Technologies (IST) Priority of the 6th Framework Programme of the European Commission. The application 
domain of transport will be taken as a pilot example where EMMA will foster cost-efficient ambient intelligence 
systems with optimal performance, high confidence and faster deployment. Even though number of Smartdust 
platforms are available in the market, Crossbow MICA family motes will be used for EMMA applications due to 
its commercial success in many wireless sensor network applications. Also, MICAz mote will be the best suitable 
platform for the EMMA project since it features sensing and networking capabilities with low power consumption 
and using ZigBee as communication protocol. The presentation will be focused on our experience of using 
Smartdust and Zigbee protocol for the EMMA infrastructure and vehicle sensor networks. Mainly, how 
communication between vehicle and the infrastructure can be faced and how heterogeneity issues will be handled 
using Zigbee as the most suitable communication technology. 
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1. Introduction 
There is growing consumer demand for wireless communication technologies in transport 
applications from point-to-point to multiplexed communications. Advances in portable devices 
(mobile phone, personal digital assistant and GSM devices) may exploit the possibility of 
interconnection using i n -vehicle communications.  A l s o  advances in wireless sensor 
networking techniques which offer tiny, low power and MEMS (Micro Electro Mechanical 
Systems) integrated devices for sensing and networking will exploit the possibility of vehicle 
to vehicle and vehicle to infrastructure communications [1]. The important innovations in 
wireless and digital electronics will support many applications in the areas of safety, 
environmental and emissions control, comfort and entertainment, driving assistance, 
diagnostics and maintenance in the transport domain. 
The Controller Area Network (CAN) was first introduced by BOSCH in the 1980s with the 
clear intent to serve communication systems for automotive applications and it is still 
dominant in automotive networks. The CAN is not fully satisfying requirements such as 
predictability, performance and dependability which are mandatory in automotive 
communications [2]. To overcome the limitations of the current CAN, a number of 
technologies have been developed for designing automotive networks such as Time-
Triggered Protocol (TTP) [3], Time-Triggered CAN (TTCAN) [4], Byteflight [5] and Flexray [6]. 
Wireless communication technologies are also expected to be widely employed in the near 
future in the transport domain which has not generally been popular in the past. It is evident 
that wireless communications can be used in-vehicle, inter-vehicle and between vehicle and 
infrastructure in automotive applications. 
Bluetooth is currently the most widely used automotive wireless technology for in-vehicle 
communication and Wi-Fi is used for vehicle to vehicle communication by several pilot 
research projects, e.g., the Car2Car consortium [11]. On the other hand, ZigBee will fill the 
gaps left by other technologies, mainly in the interconnection of wireless sensors with 
vehicles and roadside infrastructure. The ZigBee standard has evolved since its original 
release in 2004 as a low cost low power wireless networking standard for sensors and 
control devices [16]. ZigBee provides network speed of up to 250kbps and is expected to be 
largely used in typical wireless sensor network applications where high data rates are not 
required.  
 
Over the last few years, many different versions of wireless sensor devices (motes) have 
been designed and built by various companies and institutions. The size of these motes 
varies from the size of a box of matches to the size of a pen tip. The ultimate aim is to 
implement a mote that fits into a volume of one cubic millimeter [7]. These motes have been 
nicknamed as Smartdust. Most current motes communicate in the ISM bands using 
proprietary protocols but standards are emerging (e.g. IEEE 802.15.4 ZigBee) which will 
eventually allow motes and sensors from different manufacturers to be combined within the 
same network. 
 
Smartdust has enormous potential both within and without the transportation arena. 
Fundamentally, it provides a convenient and economic means of gathering and 
disseminating information about the environment. With appropriate sensors and signal 
processing technologies, a wide variety of environmental variables and transport related 
variables such as motorway traffic data, vehicle speed and vehicle emmissions could be 
monitored. 
Initial studies suggest environmental monitoring, in-vehicle monitoring, vehicle to vehicle, 
vehicle to infrastructure and infrastructure to infrastructure applications may exist for 
Smartdust in the transport domain [18]. Smartdust in tickets is suggested to be a future 
application augmenting smartcards and RFID [23], whilst the use of the technology to support 
location based services and personalised mobile information delivery is clearly one of the 
future major markets for ad-hoc networks and may feed in well to the future work of transport 
applications [22]. Moreover vehicle monitoring and congestion charging could well adopt new 
low cost networking technologies and are already being considered as potential candidates 
for the 3rd stage extension to the London congestion charging scheme [20], [21].  The 
technology may also be used to track travellers through transport termini (such as airports) 
and the inclusion of biometric sensors on such devices may open the way for the technology 
to be adopted as the ‘wearable passport’. 
A middleware is needed to support and coordinate multiple applications in the heterogeneous 
wireless sensor network [9]. The middleware is not only useful to communicate with various 
platforms but  also permits mobile devices to maintain secure, fast connections without 
interruption. It also gives users access information from multiple applications via a single 
device. During the last few years, researchers have been designing and developing several 
middleware systems for wireless sensor network applications. Notably, different middleware 
systems address different issues. 
 
2. The EMMA Project 
The Embedded Middleware in Mobility Applications project (EMMA) is funded under the 
Information Society Technologies (IST) Priority of the 6th Framework Programme of the 
European Commission [10]. The application domain of transport will be taken as a pilot 
example where EMMA will foster cost-efficient ambient intelligence systems with optimal 
performance, high confidence and faster deployment. EMMA will play a major role in creating 
new possibilities in the field of automotive sensing technologies by creating a middleware for 
development of future intelligent transport systems. The EMMA project goal is defined as: “to 
open new prospects in the field of embedded middleware for cooperating wireless objects in 
order to hide the complexity of the underlying infrastructure while providing open interfaces to 
third parties the faster, cost-efficient development of new cooperative sensing applications.” 
 
The EMMA strategic goal will be achieved by means of number of specific objectives: 
1. To build a middleware platform and development environment which facilitates the 
design and implementation of embedded software for cooperative wireless sensing 
objects (wicos). 
2. To lab test this middleware on a number of wireless cooperative objects  
a. With an automotive subsystem 
b. At a vehicle level 
c. At the supra-vehicle level 
3. To validate EMMA wireless cooperative objects in the context of a number of 
applications. 
4. To feed the project results into the relevant standards, particularly in those of the 
automotive industry. 
5. To facilitate the access of SMEs (Small and Medium Enterprise) to the market of 
cooperative sensing systems by means of specific middleware and targeted 
dissemination and awareness actions. 
 
These objectives will be achieved in 30 months by a consortium of two SMEs (ETRA 
Research and Development, Spain and Institute of Communication and Information 
Technologies, Poland) and two big automotive industries (TRW Conekt, UK and Fiat 
Research Centre, Italy) and two Universities (University of Newcastle, UK and University of 
Stuttgart, Germany) and the Korean Electronics and Telecommunications Research Institute. 
The EMMA project started on May 1, 2006 and is expected to complete in October 2008. 
 
3. Smartdust and ZigBee 
Wireless sensor networks are capable of observing the environment, processing data and 
making decisions based on these observations. WSN consist of a large number of sensor 
devices. A sensor device integrates hardware and software for sensing, data processing and 
communication. Improvements in wireless network technology interfacing with emerging 
micro sensors based technology is allowing sophisticated, inexpensive, storage, processing 
and communication capabilities to be unobtrusively embedded into our every day life. 
Although sensor network technologies are not new, technological barriers have limited 
wireless sensor network applications in the past. Some of the benefits of the newer, more 
advanced sensor devices have the potential to form large scale networks. Sensor network 
applications can be found in a wide variety of areas including industrial, military, bio-medical 
and environmental monitoring. However, wireless networks of micro sensors probably offer 
the most potential in changing the world of sensing [14]. 
 
Current wireless sensor networks employ conventional technologies to interact with their 
environment. Often the wireless component is a single point-to-point link to a base station 
which merely replaces a single cable with radio. Many companies are developing various 
wireless communication interfaces and protocols for sensors. An openly defined wireless 
transducer communication standard, that can accommodate various existing wireless 
technologies, will reduce risk for users, transducer manufacturers and system integrators. It 
will enhance the acceptance of the wireless technology for transducers connectivity. A family 
of standards IEEE 1451 is under development by the IEEE wireless sensor working group. 
The standards will define protocols which are capable of running over a variety of physical 
layer protocols such as IEEE 802.11 Wi-Fi, IEEE 802.15.1 Bluetooth and IEEE 802.15.4 
ZigBee [8]. 
 
ZigBee is a short range wireless data service but is much more than a second generation of 
Bluetooth. ZigBee devices are able to configure themselves into an ad hoc network using 
mesh network principles. The links are intended to be short range but can cover long 
distances via intermediate devices acting as nodes that repeat the signal. The key feature of 
ZigBee is the ultra low power mode. This is achieved by having very long cycle times, with 
immediate wake-up if required. This will enable light switches to be battery-powered and 
placed wherever needed, without the need to cable these in with mains wiring. However, 
ZigBee is intended to be used for fixed or occasional installations, and has not been 
designed to support mobility where transport wireless sensor networks include mobile 
wireless devices (moving vehicle can be considered as mobile device). ZigBee uses DSSS 
(Direct Sequence Spread Spectrum), which divides the 2.402 – 2.480 GHz spectrum into 16 
channels or 10 channels in the 915 MHz spectrum and 1 channel in the European 868 MHz 
spectrum [16]. It is recognised that ZigBee technology is central to the EMMA communication 
technologies. However, as it stands, this is seen by the transport industry as a technology 
under development rather than one that is mainstream. 
 
The emergence of small computing elements with increased connectivity and increased 
interaction with the environment provides enriched opportunities for ubiquitous computing 
environments. In the Smartdust project, Berkeley UC introduced an autonomous sensing, 
computing and communication system into a cubic-millimetre mote [7]. Smartdust requires 
micro-electro mechanical systems (MEMS) to build small sensors, communication 
components and power supply whereas microelectronics provides increasing functionality in 
small areas with lower energy consumption. The Smartdust includes sensors, 
microprocessor, bi-directional wireless communication technology and a power supply. The 
Smartdust devices have been successfully tested in many sensor network applications but 
potential use of the devices in transport domain is not clearly known. 
 
Even though a range of smartdust platforms are available in the market, Crossbow MICA [12] 
family motes will be used for EMMA applications due to their commercial success in many 
wireless sensor network applications. MICA family motes use TinyOS which is an open 
source operating system designed for embedded systems with very limited resources [15]. 
Also, MICAz mote will be the most suitable platform for the EMMA project since it features 
sensing and networking capabilities with low power consumption using ZigBee as 
communication protocol. Figure 1 shows Crossbow MICAz mote.  
 
 
 
Figure 1 – The Crossbow MICAz Mote 
 
The Smartdust devices also have sensors attached to them to monitor the physical 
environment in some way. These sensors can be built directly onto the mote or can come as 
daughter-boards which can be connected in some way to the motes main motherboard. 
Sensors can measure a wide range of environmental parameters, such as pollution, noise, 
temperature, humidity as well as vehicle speed, vehicle direction and vehicle presence. 
Figure 2 shows one crossbow sensor board with several sensors [13]. 
 
 
 
 
 
 
Figure 2: The Crossbow MTS Sensor Board 
 
Interfacing smartdust with other devices is one of the big challenges in the EMMA project. 
The project will use not only Smartdust platform but also other sensor platforms by other 
EMMA partners (e.g., engine sensor, vehicle sensor). For example, unsuccessful attempts 
have been made to interface Smartdust with PDA using C-guys ZigBee SDIO card which is 
available for consumer electronics devices such as PDAs and smart phones with Zigbee 
protocol [17]. Unfortunately, Crossbow MICAz mote is somehow proprietary and it is not 
100% ZigBee Alliance compatible. Therefore, MICAz motes will not interface with PDA via C-
guys SDIO card. It seems that a protocol modification in the C-guys SDIO card driver or 
complete ZigBee implementation i n  the MICAz mote should be necessary in order to 
interface MICAz with PDA. 
 
4. EMMA Network Architecture 
The EMMA network architecture can be considered at three levels: Within an automotive 
subsystem, at a vehicle level and at the supra-vehicle level. It is necessary to find suitable 
networking technologies to support and coordinate EMMA wicos at all three levels. Recently, 
many wireless micro sensor network applications are being developed for a variety of 
applications including transport monitoring and control. However, there are still numerous 
challenges need to be overcome whereas wireless sensor devices will have to communicate 
with each other in an intelligent, cost effective and reliable way. 
 
 
 
 
Figure 3: EMMA hierarchical apporach 
 
The EMMA project has identified the following design issues which need to be addressed 
with middleware at the wico network level. 
 
· Use of low power and smart devices for sensing and communication. Such devices 
will be able to sense a wide range of parameters such as light, noise, temperature, 
vehicle speed, vehicle direction and vehicle presence. Smart devices reduce the 
operational cost of the network and increase the lifetime and reliability of the network. 
· Use of low power, reliable and energy efficient networking techniques between the 
wireless cooperative objects (wicos). Even though such techniques are in 
development in various projects, EMMA will investigate issues which are specific to 
the transport sector. 
· Use of distributed and resource sharing methods in wireless sensor networks 
composed of wicos. Since the device resources are limited, specific methods need to 
be adapted to collect or forward data from one wico to other the wicos in the network. 
· Use of common communication protocols between devices in all levels including in 
the infrastructure. The protocols need to deal with security standards for automotive 
wireless communications and safety-critical issues in the automotive applications. 
 
5. Innovations by the EMMA project 
Smartdust devices are in the early stages of dominating wireless sensor network 
applications. Over the last few years many different versions of Smartdust devices have been 
designed and built by various companies and institutions. Examples of these Smartdust 
devices will be adapted to host “EMMA compatible” wicos. Such devices can be used in the 
EMMA project to sense a wide range of environmental parameters as well as vehicle speed, 
vehicle direction and vehicle presence in the infrastructure. Smartdust can also be used as a 
bridge to form a network with other wicos. 
 
ZigBee protocol is a new standard for low cost wireless sensor networks but it is still under 
development. ZigBee uses the media access control layer and physical layer of IEEE 
802.15.4 for communications between devices. ZigBee offers a short range wireless 
networking capability with low cost, low bit rate and low power consumption. EMMA will use 
ZigBee as a wireless communication protocol to form a network between Smartdust devices 
or wicos. Mobility issues in the ZigBee protocol will be investigated. 
 
The EMMA project will investigate an energy efficient and distributed way of data 
forwarding/gathering between the wicos at the infrastructure and wicos at the car level. In 
other words, EMMA will use localised optimal methods to forward or send data to the network 
composed of wicos. The EMMA project will also address the problem of resource allocation 
such as how to allocate limited energy, radio bandwidth and other resources to maximise the 
value of wicos contribution to the network. 
 
EMMA will also address the issue of wireless networking and wireless cooperating object 
concepts at the engine level and at the vehicle level. At the engine level, wireless network 
would enable a much wider freedom in the engine design, resolve some problems in the 
production chain, and reduce wired connections and hence cost. Again, safety-critical and 
wireless communications are sometimes considered as contradicting terms, as a result 
EMMA middleware will also analyse the possibility of using wireless communication for 
safety- critical system in the transport domain. 
 
6. Challenges in the EMMA Project 
The term middleware refers to the software layer between the operating system and the 
applications. A middleware layer seeks primarily to hide the underlying network environment 
complexity by insulating applications from explicit protocol handling, disjoint memories, data 
replication, network faults and parallelism. Further middleware masks the heterogeneity of 
computer architectures, operating systems, programming languages technologies to facilitate 
application programming and management [18]. The middleware can be classified as 
service-centric middleware and data-centric middleware. Service centric middleware is driven 
by commands while data centric middleware is driven by data. The EMMA middleware will be 
a data centric-middleware as the project applications are mainly based on data exchange. 
 
Middleware needs adapters for each operating system to convert the middleware’s OS 
independent functions to the appropriate operating system functions (figure 4). The adapters 
also include conversions for the Application Program Interface (API) of different 
communication technologies, e.g. ZigBee or CAN. The EMMA project may need to use 
different communication technologies at different levels for specific applications. For example 
CAN or Flexray can be used for in-vehicle communication while Zigbee can be used for 
vehicle to infrastructure communication. Each communication technology uses, for example,  
a different addressing scheme that has to be hidden from the EMMA applications. 
   
Figure 4: EMMA Middleware 
 
Moving vehicles should be able to exchange data with static infrastructure or with other 
vehicles. The EMMA project needs to discover which communication technologies can be 
used and how the networks are formed by wicos from different levels. If ZigBee is chosen as 
a communication protocol, how will mobility be handled since ZigBee is designed for fixed 
networks. There is a need to find a common addressing scheme ( e.g., IPv4, IPv6)  a s 
different communication technologies are used in different wicos.  
 
Due to the limited resources of wicos (e.g., memory), the middleware itself should be 
lightweight in terms of communication and computational requirements. In practice, there 
may be different versions of EMMA middleware according to the capabilities of the platform – 
lightweight versus heavyweight. 
 
As wireless sensor networks range from small applications to big applications with thousands 
of nodes,  t he middleware technologies need to resolve these scalability issues while 
maintaining acceptable performance levels of the real time services with heterogeneous 
network devices. 
 
7. Summary 
It is clear that the next generation of vehicles will be required to have increased safety, lower 
emissions and more entertainment with higher performance than those of today. The 
innovations in wireless and digital electronics will enable novel automotive applications which 
will become very common in future transport vehicles. One of the challenges today is 
interconnecting heterogeneous device for specific transport applications which can be 
achieved by developing middleware technologies. 
The paper has introduced the EMMA project which will deliver a middleware platform and a 
development environment, prototypes of wireless cooperating sensors incorporating EMMA 
embedded software. Then, the potential transport applications of Smartdust and ZigBee in 
the EMMA project were discussed. The paper also highlighted the innovations and 
challenges of the EMMA project. It is the authors’ intention to disseminate the findings of the 
EMMA project concerned with wireless sensor networks through future publications. 
                      Applications 
Middleware API 
                   OS independent part 
OS adapter 1 OS adapter 2 
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